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Synthesis of diallyl (4-azidobenzoyl) glutamate (3):
100 mg (0.34 mmol, 1 eq.) of compound 2 was dissolved in 10 mL of anhydrous DMF.
To this solution, allyl bromide (136 μL, 0.51 mmol., 1.5 eq.) was added and K 2 CO 3 (62 mg, 0.51 mmol., 1.5 eq.). The reaction was stirred for 1 h at 0 O C and then at room temperature for 4h. The crude product was dissolved in 100% ethyl acetate and washed with H 2 O at neutral pH. The organic phase was dried with anhydrous MgSO 4, filtered and evaporated to give 117 mg (92%) of the title compound white solid 3. 1 
Synthesis of Photocaged Dox-Glu (COOallyl) 2 conjugate (4):
Photocaged Doxorubicin alkyne (5) 1 (50 mg, 0.055 mmol, 1eq.) and compound 3 (31 mg, 0.082 mmol, 1.5 eq.) were stirred in 1:1 mixture of water and DMSO (2 mL). 50 μL (0.5 mg, 0.0055 mmol, 0.1 eq.) of a freshly prepared aqueous solution of sodium ascorbate (10 mg/mL) was added to the reaction, followed by 5 μL (0.05 mg, 0.01 eq., 0.0002 mmol) of freshly prepared aqueous solution of copper (II) sulfate pentahydrate (12.5 mg/ mL), and finally 5.5 mg (0.1 eq., 0.002 mmol) of TBTA (Tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl]amine) was added. The red colored heterogenous mixture was stirred vigorously until the reaction was completed (~24h) as judged by TLC (1: 4 CH 3 OH/CHCl 3 ). The reaction mixture was concentrated in vacuo, filtered, and the resulting solution was purified on RP-HPLC using isocratic elution of 20 % organic eluent (0.1 % TFA in acetonitrile) for 5 minutes and then increasing the acetonitrile fraction in gradient fashion from 20 % to 100% over 30 minutes at 10 mL/min (see Fig.   6 ). The fractions (~10 mL each) were collected into tubes containing 200 μL of ammonium bicarbonate (6 mg/ mL) solution to quench the TFA. The two diastereomers eluted between 26 and 28.5 min. The fractions containing diastereomers were mixed and the solvent was evaporated which left behind red solid with total mass of 55 mg, which was a mixture of the title compound and ammonium bicarbonate. This solid was taken to next step without further purification, after necessary data analysis. Obsd. 1300.32
Synthesis of Photocaged drug-Glu(COOH) 2 conjugate (6):
50 mg (1 eq., 0.039mmol) of allyl derivative of photocaged doxorubicin (6) was stirred under argon in 10 mL of DMF along with Pd(PPh 3 ) 4 (7.5 mg, 0.0065 mmol, 0.167 eq.) and morpholine (332 μL, 3.82 mmol) at 0° C. Later, the reaction temperature was raised to room temperature and stirred for 1 h and then the solvents in the reaction mixture were The colloidal upconverting LiYF 4 : Tm 3+ 0.5 mol%/Yb 3+ 25 mol% nanoparticles were synthesized via a thermal decomposition method established by our group. 2 The nanoparticles prepared are capped with oleate ligand on the surface and are hydrophobic. To render the nanoparticles hydrophilic and water dispersible, the capping oleate was removed via an HCl treatment. An HCl solution of pH 4 was added to the nanoparticles and stirred vigorously for 2 hours. During this process the oleate was protonated producing oleic acid, the hydrophobic oleic acid was extracted using ethyl S10 ether and removed together with organic layer. The resulting hydrophilic nanoparticles were precipitated using acetone and isolated by centrifugation.
2b) Surface modification of UCNPs with Dox
Typically, 10 mg of oleate-free UCNPs were dispersed in 4 mL of water followed by the addition of 1 mg of compound 7 (saturated by MnCl 2 to form Dox-Mn 2+ complex) in 1 mL of DMSO. The mixture was adjusted to a neutral pH to deprotonate the carboxylic group on the Dox and stirred for 3 days at room temperature. The modified UCNPs were precipitated in acetone and then isolated by centrifugation at 4000 rpm for 15 minutes Dox dissolves in acetone and was removed with the supernatant.
2c) Determination of number of DOX on the surface of nanoparticles
The concentration of Dox on the surface of the LiYF 4 :Tm 3+ /Yb 3+ -UCNPs was determined by measuring the absorbance of Dox-LiYF 4 :Tm 3+ /Yb 3+ -UCNPs at 540 nm. Using this absorbance value and its absorption coefficient obtained from the calibration curve of Dox, which was calculated to be 5.7 x 10 3 M -1 cm -1 at 540 nm, we found approximately 1.5 x 10 3 molecules of Dox on the surface of the UCNPs (Figure S4 ).
2d) Determination of the energy transfer efficiency.
The energy transfer efficiency was calculated using the following equation:
where E is the energy transfer efficiency I 1 is the intensity of Dox-UCNPs and I 2 is the intensity of oleate-free UCNPs at ~365 nm.
2e) UCNP Characterization
Fourier Transform Infrared (FTIR) Spectroscopy S11 FTIR spectra of the as-synthesized oleate-capped LiYF 4 : Tm 3+ /Yb 3+ -UCNPs, and the oleate-free LiYF 4 : Tm 3+ /Yb 3+ -UCNPs were measured on a Nicolet 6700 FTIR spectrometer using the KBr pellet.
Transmission Electron Microscopy (TEM)
TEM analysis of the colloidal dispersion of LiYF 4 : Tm 3+ /Yb 3+ -UCNPs was performed using a Philips CM200 microscope operating at 200 kV equipped with a charge-coupled device (CCD) camera (Gatan). Prior to analysis, the sample was dispersed in toluene to yield an approximate 0.5 wt% solution. A few drops of the resulting solution were evaporated on a formvar/carbon film supported on a 300 mesh copper grid (3 mm in diameter).
Upconversion Luminescence Spectroscopy
The 
